By using the skill gap analysis we propose a new quantitative method to plan training courses. By comparing the differences between the competences needed to cover a position and the ones possessed, it is possible to find the cases that need to be trained. According to different situations we propose some algorithms to plan courses and to find the subjects that require to be trained.
Introduction
This paper describes the basic structure of an informative system for planning courses for firms' workers, according to results of a skill gap analysis. We shall act as if we were a training company that has to planning the training of the workers of a big company, with a wide variety of competences at different levels. The system can be used to plan the training procedures, to find the persons that have to be trained and to decide the training program.
The quantitative approach proposed is quite innovative, because the literature about the skill gap analysis usually follows a qualitative approach [1, 2] .
After a brief description of the main definitions of competence and skills assessment (Section 2), we propose an indicator to measure the skill gap (Section 3) and some algorithms for the construction of training courses based on business requirements in different operational conditions (Section 4). In Section 5, some applications on a survey in the ICT sector (that is, Information & Communication Technology) are described.
Human Resources and Skill Gap Analysis
Spencer and Spencer [3] define competency as internal characteristic of an individual, that produces effective and superior performance. Spencer and Spencer's iceberg model shows relationship between competency and performance. They argue that there are surface and potential competencies. The surface competency, which consists of knowledge and skills, can be developed further by proper management. The potential competency consists of motives, traits and self-concept.
In order to improve the use of the available human capital, a competency assessment is often performed, involving the measurement of an individual's competencies and measures the cognitive ability using tests, structured interviews, job knowledge tests, diagnostic and promotion tests. The skill gap analysis could be a useful instrument to assess competences.
The gap analysis is a tool used to assess the difference (gap) between the actual state and a future goal state. So, the skill gap analysis is used to identify the skills that an individual needs, but he sometime hasn't, to carry out his or her job or to perform certain tasks effectively [4] .
The skill gap analysis can be a valuable tool because it allows an employee to identify what improvements he will need to make in order to advance in his career. Perform a skill gap analysis gives to an individual an edge over the other employees who do not assess their professsional development needs.
The first step in performing such analysis is to identify all the skills required by each individual to execute his/her work. It should then be possible to identify the critical and noncritical skills that are needed to carry out a role effectively. A critical skill is one that is required to complete a task successfully. A noncritical skill can enable to complete a task more quickly or efficiently, or at less cost than would otherwise [5] .
There is criterion for determining whether a skill is critical or noncritical. Quite simply, the skill is noncritical if an employee lacks a given skill, but completes a task satisfactorily. Conversely, if a person completes a task but the outcome is unsatisfactory, the missing skill is critical.
By applying the skill gap analysis to the human resources of a firm, it is possible to find out which shortfalls of skill and knowledge are in an organization. It is then possible to target training resources on those necessary skills that require the most attention. This should result in the optimal use of resources in terms of improving the overall performance of the firm.
For individuals, the skill gap analysis can be used to produce personal developments and training plans, or to support appraisals.
For firms, the skill gap analysis can be used to identify which staff members have most knowledge of particular aspects of the business, as well as those with skill gaps. Furthermore, it can aid recruitment thru identifying candidates whose skills better match those needed to function effectively in a particular role. For example, in an application of such analysis to the role of a firefighter, the essential skills are: critical thinking, oral communication and the ability to work with others. Such analysis also allows the benchmarks and encourages tutoring and mentoring within teams.
The skill gap analysis can be undertaken using paperbased assessments and supporting interviews. However, if an analysis is to be performed across a large number of employees, it can create a huge burden of management and administrative. Therefore many firms use skill management software.
The analysis can be applied on a continuing basis or as a one-off exercise. Specialized software can generate a report of skill gap analysis with a few clicks of the mouse. A paper-based report takes somewhat longer, depending on the number of questions that need answers.
The Skill Gap Indicator
The method here proposed follows a quantitative approach and measures the gap of each competence for all the examined subjects. The procedure can to be adapted to several concrete situations. As said before, we want to build a model that helps to draw a training program for the workers of a big corporation according to the needs coming from the skill gap analysis.
The algorithm will consider only the situations where a negative gap was found, that means that the competences owned by the worker are lower than the ones needed. Small and big gaps have to be distinguished: in the first case the company can organize self-training activities, but in the second case a training program is required. It is important to distinguish, also, between gaps of those competences that are often used and gaps of competences that are rarely applied.
The starting point of the algorithm is the mapping of the skill needed for each working profile, evaluated through a score or an ordinal scale. The definition of the benchmark for each competence needed can be obtained following a top-down (from managers to employees) or a bottom up (from employees to managers) procedure.
To measure the level of competences owned by the workers considered, using the above mentioned scale again top-down or bottom up approach will be followed.
The procedure proposed has many advantages: 1) it does not change if top-down or bottom-up or mixed approach is used;
2) it gives quantitative estimations of the skill gaps, considering both importance and frequency of use;
3) it enables a very flexible semiautomatic procedure for planning training courses.
Thus a quantitative indicator is proposed to assess the gap between the skills required and those actually possessed by each worker, taking into account the frequency with which it is expected that those skills are to be used.
The indicator G ij of the gap in the j-th skill is calculated through:
where N ij indicates the score of necessity assigned to the i-th interviewee for the j-th skill, P ij indicates the score attributed to the level of the skill possessed by the worker, F ij indicates the frequency of utilisation of the skill 1 by the same worker; furthermore, c is a constant (chosen to cut the effect of low or negative gaps: for example, 0 or 1) and F 0j indicates the frequency of utilisation that, in the ideal benchmark of the company, represents the threshold above which the skills shortage represents a problem to be remedied (taking into account the costs of training).
The term k j permits to taking into account only positive gaps, setting the indicator to zero if the score assigned to the level of skill possessed is greater than the score given to that necessary (N ij > P ij ) and if the frequency of utilisation of such skill is less than the predetermined threshold level.
The indicator G ij allows flexibility in the planning of the interventions, sizing them on the basis of company exigencies, because it is possible to vary the threshold of the intensity of use, taking into account the interests of the company, operational situations and available budget.
Moreover, in the successive algorithms of identification of individual situations, it is possible to insert one or more filters to exclude those less serious ones on which it is best to intervene with partnering/self-training: for example, to reduce the number of employees to train, it is possible to exclude from the programme the workers who have effective gaps ranging between 1/10th and 1/5th of the maximum value (depending on the characteristics and availability of the company), providing incentives for them to undertake self-training.
Only for descriptive purposes, G ij can be standardised utilising, for example, the field of variation that is simply provided by max(N i ), given that P ij is null when it is greater than N ij . The indicator thus takes on values included between 0 and 1, eventually subject to multiplication by 100 for easier readability.
The indicator G ij can be used to obtain synthetic indicators using the arithmetic mean of the individual indicators of discrepancy corresponding to each j-th skill present in the company.
To plan courses using G ij , that do not consider the different importance of the competencies could arouse some perplexity among experts of adult training. It is well known that not all skills have the same importance for the company activities, nor the same importance for all individuals engaged in such activities. The indicator is able to take into account such diversity, both in the pinpointing of ideal benchmark skills as in the attribution of points relating to the frequency of utilisation. A shortage of a fundamental skill, in fact, produces a high scoring, while gaps in skill rarely utilised (although being important) will obtain a zero score.
Building Training Courses Using the G ij Indicator
Using the G ij indicator it is possible to obtain precise directions for the construction of training courses aimed at the professional development of workers and increase organizational efficiency. Given a group of employees of a company or a consortium, once excluded those who do not need training, the following solutions are available: 
Micro Training Modules
The construction of micro modules is appropriate when a conspicuous number of employees with a gap in various skills was found. In this case, the number of students and the heterogeneity of their needs suggested the creation of separate modules for each expertise in which was highlighted the presence of a gap.
Such modules will be divided into two or (at the most) three levels, thus providing entry level, intermediate and advanced courses, depending on the score of the personal skills and those needed. In fact, where the level of skills possessed is low and high skills are required, the employee may attend entry level as well as higher level courses. However, if the necessary skills are below, just a basic course 2 would be recommendable. In case some modules or classes are too crowded the organizers can expect more issues of the same course or to split such modules into several classes.
Special attention should be given to the course scheduling in order to avoid overlapping modules meant for the same student. Furthermore, the courses should be articulated by taking into account the logic of the topic.
To form classes, one should be aware of the usual organizational constraints, such as number of seats available for classrooms and laboratories (for example: no more than 30 students for classroom) or a minimum number of students required to amortize the costs of the course (at least 15 per course).
Apparently, this solution is simpler and more efficient, as well as the closest to the usual training strategies, but its presents many logistic's problems. In order to be applied, it first requires that the firm has a large number of employees in difficulty, thus ensuring each micro modules a number of students that can justify the costs. Furthermore, skills that characterize the modules should be sufficiently separate. Finally, it can be hard to identify the best sequence of micro modules, if they are too numerous.
The advantage of this solution lies in the significant reduction of business costs. By carefully organizing educational activities, each worker will be removed from his/her work activity only for a short period of time.
An algorithm that can be used for the construction of training in micro classes is described by [6] .
Semi-Automatic Assignment
We are now at the most important point in the perspective of this note: the identification of the different training courses starting from the actual needs given by relevant individual gap. Figure 1 shows one of the possible sequences of operations that, starting from the "measurements" of the competence skill gap (G ij indicator) should help to formulate appropriate training solutions by using a statistical procedure to identify those contact points of which will be discussed shortly and to aggregate the potential students.
Here the algorithm is briefly described (see Figure 1) . First of all, after the calculation of the indicator G ij , the organizers need to decide the minimum gap on which to intervene (remembering that minimal discrepancies can be resolved through partnering or self-training).
Then, the training company must define the number of persons to be involved in training courses. If this number is greater than the available resources, it obviously would be necessary to re-calibrate some of the threshold parameters (intensity of utilisation and gaps). However, if the resources are sufficient, the organizers can proceed to an appropriate statistical analysis to identify the skills most homogeneous in order to decide who has to attend the different training courses. The statistical techniques which could be used in this case are of two types, basically: unit classification and analysis of the correlation matrix of the data.  With regard to the first typology, a cluster analysis can be applied to the skills in which there is a gap. For example, if the skill "A" and the skill "B" both demonstrate discrepancies similar regarding the same subjects, it is appropriate to form a class in which training in both skills is provided. In the same manner, if the skill "A" reveals gaps in subjects 1, 2, 3 and 4, the skill "B" in subjects 3, 4 and 5, the skill "C" in subjects 2, 3 and 4, it is appropriate that the skills "A" and "C" be aggregated together.  The second typology of statistical analysis starts with the hypothesis that, if there are groups of skills correlated to each other, the employees with significant gaps in one of these skills may present gaps in one or more other skills related to it. To analyze the matrix of data correlations, it is possible to use the analysis of the canonical correlations or the principal components analysis and then the factorial analysis. In practice, applying the analysis of the principal components to all subjects with gaps, the training company can identify the most important factors in which the various required skills can be grouped. Once the articulation of subject-matter to be covered for each course is determined, the organizers can proceed to form the classroom, using the values of the skill gaps determined by the indicator G ij . After assigning subjects to different paths, there may be a need to distinguish those who have to pursue a complete course from those that can be started solely with "advanced" courses: this depends, obviously, on the level of mastery of the skills and, in the second instance, from the level of necessity for the same in the company.
It is opportune to calculate the errors of assignment, or quantify the training hours that employees are called on to do in matters for which no significant deficiencies emerge. It is quite clear that, the more articulated and lengthy the training courses are, the greater is the risk of dispersion of resources devoted to training. This can also be a parameter for the determination of the optimal number of training courses to be set up.
Method Experimentation
A procedure of automatic assigning to training courses, on the base required and actual skills, was made using the data acquired through a survey in the information technology sector in the Bari area 3 .
Typical Skills of the IT Sector
The survey was directed toward employees a sample of 133 IT companies located in the Bari area, with a total of 250 employees [7] . Skill gap analysis needs some information, which can be obtained either through surveys of self-assessment, as in the present case, or through evaluations criss-crossed between colleagues and superiors (the so-called 360˚-assessment), concerning: i) the company's needs in terms of specific skills; ii) the store of skills specific to the subject; iii) the intensity and frequency of use of different skills.
The interviewees who did not provide a response to one or more requests for self-assessment of skills have been excluded from our study, as the sample group studied amounted to 221 subjects. The skills the interviewees have been asked about are those specific to the IT sector, among which some may be considered "basic", while others are to be considered "technical-specialist".
The skill assessments are expressed on a scale of 1 to 5, where 1 is the lowest and 5 the highest level. For each skill, every interviewee has attributed a score both to the level of skills actually possessed and to the skill level considered necessary to carry out his/her work. Finally, a score, again on a scale of 1 to 5, has been attributed to how intensely it is utilised in the company.
The available data allow us to examine not only the deviations between the level of skills possessed and necessary by individuals, but also how much these skills are utilised in the company. In Table 1 , for each skill (distinguished in "basic" and "technical specialist"), some indices of location, variability and asymmetry were summarised relating to the points attributed by the interviewees to the level of possessed skills.
In Table 2 , statistics are shown about the level of skills considered necessary to effectuate the work 4 . The extreme heterogeneity of the average skill level is readily deduced: in fact, the average scores vary from low values for computer assisted design (CAD) to values near the upper end for browsing on the Web or textprocessing. For some skills of common use (such as the installation of hardware and peripherals, the use of word processors, spreadsheet, browser and multimedia programmes), the average of the scores assigned by interviewees to the level of skills possessed exceeds those needed, whereas for some more specialised skills the implementation of interventions to strengthen skills appears necessary. Tables 1 and 2 show, also, that the index of skewness has frequently values very high, and the breach of the condition of symmetry could be rarely attributed to random causes 5 . The asymmetry is very strong in the case of the aforementioned expertise in computer-assisted design, but also in the command of web browsing or word processing skills and company needs in the management of operating systems. Very often, negative or positive asymmetry in the mastery of some skill corresponds to same asymmetry of its necessity of use, but not always of the same order of magnitude. In addition, for some skills the assessment presents asymmetry in one aspect and symmetry in the other. Clearly, in these cases the comparison between the mean values produces unrealistic results. Table 2 highlights the distribution of levels of discrepancy found in the sample for each of the skills considered (G j ), with fixed threshold levels for all the skills 6 . The "conditioned discrepancies" are numerically insignificant, and almost always concentrated at the low end of the distribution. There are 46 interviewees with a gap in one skill (database use), but none of them has gaps in a adjacent skill (database administration). Table 3 does not provide information on the effective number of potential users of a training course, inasmuch as the differences could all be concentrated in the same 46 individuals (which is the maximum number of gaps found for a single skill), or be uniformly distributed in the sample, so that everyone of the 221 subjects could find themselves included in a refresher course.
Results of the Skill Gap Analysis
The correct application of the method requires the exclusion of interviewees that show for each skill a number of gaps below the prefixed intervention threshold: in the considered database 112 cases are found with the indicator G ij is not greater than 1 for each of the skills under study, thus the totality of subjects that should be trained amounts to 109 persons.
The selection of participants was made using cluster analysis applied to the skills on the basis of individual results, using the method of Ward [8] applied to the distance between the gap indicators, because it gave the best partition.
As shown in Figure 2 , two main paths can be distinguished, the first of which is in turn divided into two well defined branches: that of the basic skills and that of the specialistic skills (from which the skill of management and design of the database remains outside).
The second group appears less defined than the first, but if the cut of the dendrogram is suitably moved left, a specific path is shown: that of the skills relating to the IT network (Installation of the data transmission network and Design of the data transmission network); in this context, however, the Realisation of Web sites is found to have a semi-autonomous position, and even more detached from the others, the skill of Database use is revealed.
Given the wide variety of skills to teach and the large number of subjects for training, it would appear to be appropriate to distinguish the students who only need "advanced" updating from those who need only "basic" updating (in other words, apply the last part of the algorithm shown in Figure 2 ). This arrangement, combined with an appropriate organisation of courses within the path, would also permit the reduction of the number of subjects set for unnecessary training. All the paths need to be divided into several classes, since for the advanced training the numerousness in a class should be between 10 and 20 units. A number of subjects would then need to be included in more than one path: such overlaps obviously are resolved with an appropriate scheduling basis, namely, avoiding coincidence of training days. A subject might be found to follow a training course for which there is no need in two situations: the first is when he/she already possesses the knowledge and ability covered by that course; the second, when two or more courses of pertinence are interspersed with a course of no use to him/her. Tables 4 and 5 give now a description of the results obtained by factorial analysis, with the categorical principal components method 7 (since the evaluations are determined with ordinal scale modality, rather than that of the cardinal scale).
The Kaiser-Meier-Olkin statistic is greater than 0.7, and the selected model, as shown in Table 4 , contains six factors, which explain almost 65% of the comprehensive variability.
The rotation by the Varimax method provides the factorial weights shown in Table 5 , from which an appreciable separation of the identified relations is apparent (except for the realisation of websites).
Concluding Remarks
The purpose of the present work is to provide a statistical approach to the theme of the skills balance. Indeed, large manufacturing organisations, in the continuous attempt to find an organisational structure that can fully exploit available human resources, are investing heavily in the realisation of inventories and balances as to skills.
The approach proposed here is based on assessment of the gaps between the skills that a person, as a candidate to fill a particular position, should have and those that are actually possessed. Generally, this assessment has descriptive purposes only, with all the limitations arising there from: case-by-case analysis, subjectivity of assessments, lack of comparability with similar situations. The proposed solution tries to overcome the limitations outlined above with a quantitative approach, where the involvement of experts is always determinative, but the assessments of a subjective type are minimised.
The possibility to perform a gap analysis based on scores permits to comparing situations also quite different, monitoring over time the evolution of individual situations and measuring the deviations.
Given very complex situations (in terms of heterogeneity of the subjects to be trained, of the issues to be dealt with and the numerousness of the reference popula- Table 5 . Factorial analysis of the skill gaps in the area of Bari. tion), use a quantitative indicator and statistical techniques to reduce the complexity of the phenomenon and to group similar cases, can be useful both in terms of reducing costs and delays in completing the analysis and in terms of the analytical nature of the results. The reduction in the level of subjectivity of the assessments, on the one hand, represents an advantage; in the other hand, however, it exposes to some risks 8 . In the various proposed approaches, complex techniques are utilised, usually reliable, which presuppose a good knowledge of the phenomena being studied and that the starting hypotheses are reflected in the reality. For this reason, before making a final plan of continuing education based on the proposals set out above, it is necessary to provide a series of consistency checks before and after the various stages of the process.
Ultimately, the procedure of automated designing and construction of training activity with the method of cluster analysis, proposed in these pages, has provided quite satisfactory results, while the solution relating to the use of factorial analysis had results somewhat less convincing. This may be due to the peculiarities of the totality of the skills taken into consideration and to the particularity of the sample of interviewees, but it could be due simply to characteristics of the algorithm utilised, since the cluster analysis is a procedure oriented precisely on the search for homogeneity of the ending groups.
Further experimentations could be able to provide more precise elements of judgement.
